ABSTRACT Objectives: To investigate root resorption after 6 months of active orthodontic treatment and its relation to possible risk factors. Materials and Methods: Ninety-seven patients (10-18 years) with a Class I malocclusion and crowding treated with fixed appliance and premolar extractions were examined with cone beam computed tomography before and after 6 months of active treatment. The exposure covered all teeth from first molar to first molar in both jaws. The Malmgren index was used to evaluate the degree of root resorption. Irregular root contour (score 1) was seen in most teeth already before active treatment, and therefore resorptions were registered only as score 2 (,2 mm, minor resorption) or higher. Results: Minor root resorption was noted in 10% of the patients and severe root resorption, .2 mm (score 3) was found in four patients. Root resorption was more frequently seen in the upper jaw, especially the incisors. There was no statistically significant correlation of root resorption with any of the selected risk factors. Conclusions: After 6 months of treatment, clinically significant resorption was diagnosed in 4% of the patients, ie, in 96% of the patients the radiographic examination did not reveal any significant information. The selected risk factors did not have any impact on the amount of resorption after 6 months of active treatment. (Angle Orthod. 2012;82:196-201.) 
INTRODUCTION
Numerous studies have been published identifying orthodontics as a factor for external root resorption. [1] [2] [3] Among treated patients, orthodontically induced root resorption (OIRR) incidences ranging from 1% to 100% have been reported. 4, 5 This large variation depends on several factors including for example, examination methods, definition of root resorption, type of appliance and forces used. In the literature the following factors have been claimed to be significant risk factors for the development of OIRR: -Finger sucking 6 and nail biting, 7, 8 -Root formation anomalies, [9] [10] [11] [12] -Traumatized teeth, 2, 8, 13 -Amount of tooth movement. 14, 15 Radiography is the most commonly used tool for diagnosing root resorption and the majority of the clinical studies used intraoral periapical radiography. 16 The technique has its shortcomings that are difficult to overcome. [17] [18] [19] [20] [21] Radiographic detection of root shortening also requires a certain degree of resorption. 22 Another radiographic technique that has been used to assess root shortening is panoramic radiography. This technique is sensitive to patient positioning because of its relatively narrow sharp layer and shape of focal trough. Even under optimal conditions and patient positioning panoramic radiographs are fraught with uncertainties, especially in the anterior regions. Use of a lateral radiograph in combination with a panoramic radiograph has been proposed to reduce the shortcomings in the anterior regions. 23 Difficulty in identifying individual teeth on a lateral radiograph makes this, however, questionable.
Cone beam computed tomography (CBCT) 24 was introduced in the late 1990s, and studies regarding radiation dosages show lower doses from CBCT units than from conventional CT examinations. 25, 26 The doses vary, however, between different brands, imaging areas, and exposure parameters used. 27, 28 Since its introduction, the CBCT technique has gained widespread use in various fields of dentistry, not least in orthodontics. 29 In a study investigating the diagnostic accuracy of panoramic radiography in the detection of OIRR compared with CBCT examinations, Dudic et al. 30 showed that using panoramic radiography, apical root resorption was diagnosed in 44% of teeth, whereas using CBCT, apical root resorption was diagnosed in 69%. The CBCT technique also has benefits compared with periapical radiography, such as providing images in all three planes, thus revealing resorption on surfaces not detectable with conventional radiography. Although, the foremost advantage over conventional radiography would be the high degree of reproducibility during the treatment course because multiplanar reconstructions can be made giving optimal visualization of each tooth despite changes in tooth position that occur during an orthodontic treatment. 31 The literature poses significant correlation between the presence of minor root resorption at an early stage of treatment (3-9 months) and occurrence of severe resorption at the end of treatment.
2,12,32 Levander et al. 12 reported that after 3 months of treatment apical root resorption was detected only in a few teeth, but that the number increased significantly after 6 months of treatment. Patients with detectable root resorption during the first 6 months of active treatment have also been reported to be more likely to have resorption in the following 6-month period than those without. 12, 33 Mohandesan et al. 34 found clinically significant resorption in 74% of the maxillary central incisors and 82% of the maxillary lateral incisors during a 12-month treatment period.
The aim of this study was to investigate prevalence and degree of OIRR after 6 months of active treatment with fixed appliances and to study correlation of early root resorption with some risk factors.
MATERIALS AND METHODS

Subjects
One hundred seventy-one patients from the Department of Orthodontics, University Clinics of Odontology, Gothenburg, Sweden, participated in a study on root resorption between March 2005 and June 2008. The patients had to fulfill predefined inclusion criteria: Class I malocclusion (super Class I to cusp to cusp distal molar relationship) with crowding and an overjet ,5 mm. Further, the crowding had to be so severe that the treatment plan should comprise extraction of one premolar in each jaw quadrant. Informed consent from the parents as well as an ethical approval from the Ethics Committee and from the Radiation Protection Committee, Sahlgrenska Academy at University of Gothenburg, Sweden was obtained.
The treatment protocol was standardized using an MBT preadjusted appliance (3M Unitek, Monrovia, CA) with 0.022-inch slots. The initial leveling and alignment were done using round heat activated nickel titanium wires, and space closure was performed with rectangular 0.019 3 0.021-inch stainless steel wires. For each patient, a protocol was added to the records with notations of known risk factors (Table 1) .
Radiographic Examination
A radiographic examination (CBCT) was performed on all subjects before treatment, and in 97 randomly selected patients (57 female, 40 male) after 6 months of active treatment. The mean age of the patients was 15.2 years (SD 1.5, range 11.4-18.3 years). The randomization of the 6-month radiographic examination, among the 171 patients, was performed with a random number list generated in an Excel spreadsheet. All examinations were performed with threedimensional Accuitomo FPD (J Morita Mfg Corp, Kyoto, Japan). Exposure parameters were 75 kV, 4-5.5 mA based on patient size, and volume 60 mm 3 60 mm with a full 17.5-second scan rotation. Positioning of the patients was made according to standard operating procedure, and adjustments of the x-ray beam positioning were made so that all teeth in both jaws, from the incisors to the first molars, were included in one imaged volume.
All reformatting was performed according to a procedure previously described by Lund et al. 31 The reformatting was made in line with the long axis of the tooth/root, thus an optimal visualization of the tooth/ 21 4 root in axial, coronal, and sagittal planes was obtained.
The accuracy and precision of the method have been described elsewhere. 31 In order to describe root shortening, changes in tooth length between the pretreatment examination and the 6-month examination were subjectively converted into an index originally designed for intraoral radiography by Malmgren et al. 35 The index ( Figure 1 ) comprises four different scores: 1 5 irregular root contour, 2 5 root resorption apically amounting to less than 2 mm (minor resorption), 3 5 root resorption apically from 2 mm to 1/3 of the original root length (severe resorption), and 4 5 root resorption exceeding 1/3 of the original root length (extreme resorption). All assessments were made by one of the authors.
Statistics
Root resorption was dichotomized in root resorption (Y) and no root resorption (N). The incidence of patients with root resorption (Y/N) and the presence of risk factors groups (Y/N) were investigated by using the Fisher exact test. P $ .05 was considered not statistically significant.
RESULTS
Irregular root contour (score 1) was seen in most teeth already before active treatment. Thus, root resorption was only considered present if scores of 2 or higher were registered. Minor resorption (score 2), was noted in 10 patients and score 3 was found in four patients (Table 2 ). Figure 2 shows images of an upper canine judged as score 3 (case 37). No teeth showed score 4. Root resorption was more frequently seen in the upper jaw, especially in the incisors (Table 2 ). In the lower jaw, root resorption was only detected in two patients. In one patient there was no detectable root resorption in the upper jaw, but in the other patient root resorption was also seen on the maxillary laterals and left canine ( Table 2) . Table 1 shows the prevalence of risk factors among the 97 patients. None of them had any endodontically treated teeth and none of them were still finger-sucking individuals. There was no statistically significant relationship of root resorption with any of the selected risk factors (Table 1) .
DISCUSSION
This study is part of a larger survey where an extensive radiographic examination is performed on a number of patients with the same type of malocclusion and a comparable treatment plan. The aim was to study early signs of root resorption and relation to certain predictive factors.
To get a correct evaluation of the amount of OIRR and to minimize the errors in the radiographic evaluation, the study design included the use of a 5  2  2  2  8  2  3 4  3  3  3  3  37  3  3  3  3  3  56  2  75  2  2  9 6  2  2  2  2  99  2  1 0 4  2  2  2  2  107  2  2  111  2  2  2  2  1 3 3  3  3  3  3  135  3  3  149  2 CBCT examination before treatment, 6 months after the start of treatment, and at the end of treatment. CBCT has a fairly low radiation dosage compared with other advanced radiographic methods, 25, 26 and the amount of radiation could be considered similar to that of eight panoramic radiographs. 36 The ''Malmgren index'' 35 was originally adopted for use with intraoral periapical radiography. The advantage of the index is that it sets a threshold that is clinically relevant and is fairly easy to apply in the daily practice. The CBCT technique revealed that almost every tooth had some irregularity in the apical root contour even in images obtained before treatment. Hence, there would have been an overestimation of presence of OIRR if score 1 had been included. Further, irregular root contours are perhaps not clinically significant. Score 2 (,2 mm) on the other hand is a small but clear resorption, and from a clinical point of view a useful threshold for defining minor root shortening.
There are few, if any, studies published investigating OIRR in all teeth in both jaws during the initial phase of orthodontic treatment. In agreement with previous studies investigating maxillary incisors, 12,32,37 the present study confirmed that some patients developed signs of OIRR during the first stage of treatment with fixed appliances. However, the number of patients with more evident resorption was small. Four of 97 patients had teeth with resorption classified as score 3. In one of these patients, the resorption was found on the first maxillary premolars (Table 2 ), a tooth type that normally is not monitored with radiography during an orthodontic treatment or included in scientific papers on early root resorption. Resorption was, however, almost exclusively seen in the upper jaw, especially in the incisor region; only one patient was noted to have resorption with an index score 3 in the lower canine (Table 2) .
Our findings are thus less severe than those found by Smale et al. 32 who reported that 8.5% of their patients had one or more maxillary incisors with index score 3 after 3 to 9 months of treatment. The corresponding number of maxillary incisors in our study was 3.1% ( Table 2 ). The difference is even larger for the less severe resorption where Smale et al. 32 found score 2 in one or more incisors in 40% of the patients, whereas score 2 was registered on maxillary incisors in 9.3% of the patients in the present study (Table 2 ). Levander and Malmgren 37 also investigated OIRR during initial orthodontic treatment. Their results, presented on tooth level, showed a higher number of resorbed teeth with score 2 than the present study. On a tooth level, which however is a less correct way of presenting clinical data due to the influence of the individual, the number of teeth with more severe resorption (score 3) in the present study is quite similar to the numbers of teeth in the studies of Smale et al., 32 Levander and Malmgren, 37 and the present study (Table 3 ). The lower numbers of teeth with minor resorption (score 2) found in the present study compared to Smale 32 and Levander and Malmgren 37 (Table 3 ) might be explained by the different radiographic techniques used. Projection error is a great problem in intraoral radiography, especially in orthodontics where teeth are moved and the angulations of the teeth are changing during treatment, making periodical identical radiographs more or less impossible. The CBCT technique, however, controls projection geometry for each individual tooth, 31 so that projection errors are minimized for tooth length variations of 2 mm; this might explain the low number of score 2 resorption in the present study. More severe root resorption is probably not as sensitive to technique, and thus the findings in the three studies are more alike (Table 3) .
No correlation between OIRR and selected predisposing factors was found, probably due to the small number of patients with evident root resorption. In a systematic review, Weltman et al. 2 reported that previous trauma and tooth morphology are unlikely causative factors for OIRR, which supports our findings. The results from the present study showed that almost 50% of the patients with OIRR score 3 (.2mm) had abnormal shaped roots, but no statistically significant correlation was found. Levander et al. 12 also reported a higher degree of OIRR in teeth with blunt and pipette-shaped roots, and these findings were also reported in other studies. [9] [10] [11] In conclusion, 96% of the patients during the first phase of orthodontic treatment did not reveal any clinically significant changes of the root length. With this in mind one could question if it is justified to make radiographic examinations of all patients after 3-6 months of treatment. However, when the final results of this project are complete and the numbers and severity of root resorption can be analyzed in detail after the orthodontic treatment, the benefits of an intermediate radiographic examination can be evaluated.
CONCLUSIONS
N After 6 months of treatment, clinically significant resorption was diagnosed in 4% of the patients, ie, the radiographic examination did not reveal any clinically significant information in 96% of the patients. N The selected predisposing risk factors for root resorption did not have any impact on the amount of resorption after 6 months of active treatment. 
